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Review of Jiang et al.
Understandingneuralmechanismsof social
interaction is important for understanding
human social nature and for developing
treatments for social deficits related to
disorders such as autism.However, conven-
tional cognitive and behavioral neurosci-
ence has concentrated on developing novel
experimental paradigms and investigating
human–computer interactions, rather than
studying interpersonal interaction per se.
To fully understand neural mechanisms
of human interpersonal interaction, we
will likely have to investigate human be-
havior and neural processes in face-to-face
social interaction rather than human–com-
puter interaction. Recently, simultaneous
EEG or functional near-infrared spectros-
copy (fNIRS) has been used to record brain
activity of two participants in a face-to-face
setting (i.e., hyperscanning) to investigate
human social interaction in amore natural-
istic context (Jiang et al., 2012; Yun et al.,
2012).
In a recent article published in The Jour-
nal of Neuroscience, Jiang et al. (2012) inves-
tigated interbrain neural synchronization
during face-to-face communication using
fNIRS hyperscanning. fNIRS measures
changes in the regional cerebral blood flow
by quantifying the changes in oxyhemoglo-
bin concentration. Given that the left hemi-
sphere is dominant for language function
and that the left inferior frontal cortex and
inferior parietal cortex have been known to
be closely related to action understanding
and imitation, i.e., mirror neuron system,
fNIRS was placed only on the left hemi-
sphere. The inferior frontal cortex has been
particularly associated with empathy and
social cognition (Farrow et al., 2001). Jiang
and colleagues found a significant increase
in cross-correlation between changes in ac-
tivity of twoparticipants’ left inferior frontal
cortices only during a dialog in which sub-
jects faced each other (face-to-face), but
none during other communication condi-
tions, including dialog in which subjects
faced away from each other (back-to-back),
monologue with subjects facing each other,
and monologue with subjects facing away
from each other.Moreover, quality of com-
munication in each condition was assessed
by self-report, and face-to-facedialog repre-
sented a higher quality of communication
than back-to-back dialog. These results
suggest that face-to-face conversation has
special features that other types of com-
munication lack and that interbrain corre-
lated activity may be an underlying neural
processof successful face-to-facecommuni-
cation. In this Journal Club article, I con-
sider four important points regarding the
study: (1) validity of the interbrain neural
synchrony; (2) limitations that arise from
using verbal communication; (3) aptness of
fNIRS methodology to face-to-face com-
munication; and (4) analysis of spatiotem-
poral functional connectivity.
Validation of synchronization was strict
and appropriate in this study. Jiang et al.
(2012) verified that the increase in neural
synchronization was specific for pairs of
participants using a cross-validation entail-
ing shuffling between participants and cal-
culating interbrain correlations.They found
no significant increase in synchronization
between randomly paired participants in
any of the communication conditions. The
results indicate that the interbrain corre-
lated activity is pair-specific and the in-
creased correlation was not by chance or
artifacts. Moreover, the time-series of the
coherence values were randomly separated
into two parts and the averaged coherence
values were compared between two parts.
No significant difference was found, indi-
cating that the coherence values are consis-
tent across time.Last, Jianget al. (2012)used
other mirror neuron regions, including the
premotor area and inferior parietal cortices,
to testwhether theneural synchronization is
region-specific. They found no significant
difference in any of the conditions. The re-
sults suggest that neural synchronization is
specific to the inferior frontal cortex and
that this synchrony was primarily contrib-
utedby face-to-face social interaction rather
thanmeremirroring the action of speaking.
The pair and region specificity of the results
and the temporal consistency of the coher-
ence values successfully validate the robust-
ness of the data.
It is important to note that face-to-face
dialog represented a higher quality of
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communication than back-to-back dialog
(Arnal et al., 2009). Therefore, the stron-
ger interbrain correlation in face-to-face
dialog could result from either a higher
quality of communication or from the
face-to-face setting, inwhich various non-
verbal cues were present. To deal with this
issue, Jiang et al. (2012) performed an ad-
ditional analysis wherein they separated
time points showing the nonverbal com-
munication between participants, such as
turn-taking behavior and body language.
Time points in which facial expression
and gestures occurred showed significant
neural synchronization compared with
other time points in the face-to-face dia-
log condition only. The results suggest
that the increased interbrain correlation
mainly reflected nonverbal interaction.
However, it is still possible that the quality
of communication influences interbrain
neural synchronization. A previous study
suggests that changes in speech amplitude
can be synchronized with the brain activ-
ity of a listener (Chandrasekaran et al.,
2009). Successful temporal synchrony be-
tween two participants’ dialog and brain
activity increased the signal-to-noise ratio
of neural signals and thus helped to im-
prove quality of communication (Ahissar
et al., 2001; Luo and Poeppel, 2007).
A major advantage of fNIRS is that the
instrument is more portable and inex-
pensive for functional neuroimaging
than functional magnetic resonance im-
aging (fMRI). In addition, fNIRS is robust
to movement artifacts compared with
EEG and fMRI, allowing investigation of
language processes, infants, and various
neuropsychiatric patients who cannot re-
main sufficiently still for fMRI (Bunce et
al., 2006). fNIRS is especially appropriate
for a face-to-face dialog experimental set-
ting in that fMRI does not allow us the
study of a face-to-face condition and EEG
is vulnerable to movement artifacts, in-
cluding those produced by vocalization,
facial expression, and gestures involved in
dialog.Moreover, fMRI gradient noise of-
ten exceeds 100 dB and thus interferes
with auditory stimulation, which is crucial
for communication experiments (Plichta et
al., 2011). Some argue that fNIRS may not
be appropriate for studies of the adult
human brain, because the light path is
grossly affected by the CSF; understanding
the optical properties of each layer of the
head, however, has allowedaccuratemodel-
ing of fNIRS characteristics in the adult hu-
man brain (Hoshi, 2003).
In future studies, it may be worthwhile
to compute neural synchronization be-
tween different regions of paired partici-
pants. Jiang et al. (2012) only compared
synchrony between the same regions of
each paired participant. Critically, how-
ever, the neural synchronization does not
have to occur either at the same region or
at the same time across the paired partic-
ipants. Rather two brains may form a
more complex dynamic system; for exam-
ple, when two people interact, activity in
the perceptual systemof one brain is likely
to be correlated, with some time delay,
with activity in the motor system of the
other brain (Hasson et al., 2012).
Face-to-face communication offers a
superior form of communication in the
context of this study. We communicate
over the phone and by e-mail, but mes-
sages tend to get misinterpreted and a so-
cial connection can hardly be established
or maintained. Jiang et al. (2012) found
that face-to-face interaction increased the
quality of communication as well as inter-
brain correlated activity, suggesting there
is some literal truth to the expression “we
are on the same wavelength”. The study
suggests that face-to-face communication
has important neural and behavioral fea-
tures that other types of communication
cannot rival, and the interbrain correla-
tion results may have implications for un-
derstanding the neural mechanisms of
social interaction and diagnosing and de-
veloping treatment of social deficits asso-
ciated with autism.
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